SUMMARY A modified Roux-en-Y repositioning of rat small intestine was performed so that the proximal segment of bowel (A) received only bile and pancreatic secretions, the second (B) received food direct from the stomach, and these two segments drained into a third (C). Four to five weeks after operation, cell production was assessed by injection of vincristine into operated, sham-operated and unoperated rats, and counts of blocked metaphases were made on isolated microdissected crypts. Villus height, crypt depth, and the number of crypts per villus (crypt/villus ratio) were also measured. Most of segment A showed no significant differences from sham-operated intestine, although the normal proximo-distal gradient of villus height was abolished. At the distal end (near the anastomosis with segments B and C), crypt depth and cell production were increased. The villus height gradient in segment B was also abolished, although crypt depth and cell production were significantly increased, especially at the proximal end. Crypt/villus ratio was also increased. Segment C showed all the characteristics of small bowel promoted to a more proximal position: increased villus height, crypt depth and cell production. Increased crypt/villus ratio was also observed. These results are discussed in terms of the role of food and of digestive secretions in the control of mucosal morphology and epithelial replacement.
There have been numerous previous investigations of the influence of individual factors on small intestinal function and structure (Levin, 1969; Tilson and Wright, 1972; Dowling and Riecken, 1974) , but these factors have usually been considered in isolation; there have been few attempts to identify the separate contributions of biliary and pancreatic secretions, of the bacterial flora, and of food, on intestinal morphology, bile salt metabolism and intestinal function. The experimental model was the rat, in which surgical rearrangement of the small intestine resulted in different parts of the bowel being exposed to bile and pancreatic secretions, to food, and to the combined action of both. This paper describes the morphological and epithelial cell kinetic changes which occur in this experimen.al model, and the findings will be used as a basis for the discussion of intestinal function in subsequent publications.
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Received for publication 4 August 1976 Methods Twenty-one male specified-pathogen-free rats (CHBB strain) weighing 180-200 g were caged in seven groups of three, They were allowed food (Altromin from Altrogge, Lage-Lippe, Germany) and drinking water ad libitum until 20 hours before operation, when food was withdrawn. They were anaesthetised with an intraperitoneal injection of 60 mg pentobarbitone sodium (Nembutal, Abbott)/kg body weight. One animal in each group was unoperated, while the second (sham-operated) underwent median laparotomy, transection, and reanastomosis of the bowel, 1 cm distal to the pylorus, and 20 cm distal to the ligament of Treitz. The operated animal had a median laparotomy and a modified Roux-en-Y operation in which the duodenum was transected 1 cm distal to the pylorus, and the distal cut end of the duodenum was closed off. The bowel was transected labelled segment B. A further 20 cm distally, the distal end of the segment which received biliary and pancreatic secretions (segment A) was anastomosed end-to-side, and the gut distal to this, which received the effluent from segments A and B, was labelled segnent C (Fig. 1) .
Sixteen hours after operation the animals were allowed access to 10% glucose solution for 24 hours, and thereafter received their accustomed diet. The animals in each cage were kept together for four to five weeks after operation, until they were investigated on the same day. To assess cell production, each rat was injected intraperitoneally with a solution of 1 mg vincristine sulphate (Oncovin, Lilly)/kg body weight between 08 30 and 09 30. Under pentobarbitone sodium anaesthesia, the small intestine was flushed out with a solution of 9 g sodium chloride/I, and then distended with fixative (absolute ethanol and glacial acetic acid, 3:1 v/v) to a pressure of 350 Unpoperated had unformed stools, and in two the stool was only partly formed. All other rats had stools of normal consistency. The rats with loose stools showed no other differences from the other operated rats. At necropsy, two rats (one operated and one shamoperated) were found to have partial intestinal obstruction at the site of the anastomosis, and measurements from these two rats were not included.
POSTOPERATIVE WEIGHT GAIN
Operated rats gained 113 + 15 g (mean + SD) postoperatively, significantly (p < 0-001) less than shamoperated (157 + 17 g), which in turn gained significantly less (p < 0-05) than the unoperated rats (193 + 36g).
VILLUS HEIGHT
Villus height declined steadily along the length of the gut in unoperated rats (Fig. 2) , and was not significantly different in sham-operated rats, except at vME 800 -; 9, 6 00 - mm of fixative (Clarke, 1974) two hours after injection of vincristine. After fixation for 24 hours, the intestine was stored in 70% ethanol, and specimens of gut wall from the sites illustrated in Fig. 1 were Lreated in bulk by the Feulgen reaction.
Measurements of villus height and crypt depth (10 per specimen), crypt/villus ratio, and vincristinemetaphases per crypt (20 crypts per specimen) were made (Clarke, 1974 ). Student's t test was used to assess the significance of differences between groups.
Results

CONDITION ONE MONTH AFTER OPERATION
All the animals appeared healthy. One operated rat group.bmj.com on May 3, 2017 -Published by http://gut.bmj.com/ Downloaded from the site 3 % (approx. 3 cm) below the second anastomosis, where villus height was significantly greater (p < 0 05). In the operated rats (Fig. 3) , in segment A (exposed to bile and pancreatic secretions), villus height was not significantly altered but the normal proximo-distal gradient of villus height appeared to be abolished. Similarly in segment B (food and gastric juice) there were no significant differences, and the gradient was again abolished. In segment C (food and digestive juices) villus height was significantly greater in operated intestines than in sham-operated ones (p < 0 05).
CRYPT DEPTH There were no significant differences between unoperated and sham-operated intestines (Fig. 2) . In the operated intestines (Fig. 3) , crypt depth was significantly increased in the last specimen from segment A, and at all sites distal to this. (Fig. 2) , and the higher ratios in the unoperated animals were perhaps associated with their greater body weight (Clarke, 1972) . In operated guts, in spite of lower body weights, crypt/villus ratios were significantly higher than in sham-operated guts at two of the three sites examined in segment B (Fig. 3) , although the differences between operated and unoperated guts were not significant. At three of the four sites examined in segment C, crypt/villus ratios were significantly higher than in sham-operated or unoperated animals.
VINCRISTINE-METAPHASE COUNTS PER
CRYPT Vincristine failed to block mitosis in two animals, which were excluded. There were no significant differences between unoperated and sham-operated intestines, whose crypts contained a mean of 40-50 vincristine-metaphases after treatment for two hours with vincristine (Fig. 2) . In the operated intestines, the counts were not different from those in shamoperated crypts at the upper end of segment A, but showed a rise at the most distal site in this segment, 3 % (approx. 3 cm) above the anastomosis with the food-containing gut. In segment B, the counts of vincristine-metaphases were significantly higher (p < 0001), particularly at the upper end where this segment received the gastric effluent. In segment C the counts were also significantly higher than those in sham-operated intestines, all the way to the terminal ileum (p < 0 01 for each of the four sites).
Discussion
The method of assessing cell production differs from that in previous investigations (Clarke, 1974 (Clarke, , 1976 In segment A, which was deprived of luminal food, but retained biliary and pancreatic secretions, villus height was maintained at normal levels, which confirms the observations of Altmann and Leblond (1970) . The maintenance of vincristine-metaphase counts at control levels in the absence of food implies that bile and pancreatic secretions may exert a stimulatory effect, although, if this were true, one might expect the effect to diminish as distance from the duodenal papilla increased, whereas in fact the opposite occurred. The increased epithelial replacement observed near the anastomosis with segments B and C was probably due to reflux of gut contents.
Segment C showed all the characteristics of gut which has been advanced to a more proximal position (increased villus height, crypt depth, and cell production- Dowling and Booth, 1967; Hanson and Osborne, 1971; Gleeson et al., 1972) , and it is clear that these changes are due not to removal of gut tissue, but to an alteration of the functional status of the affected part of the gut. The crypt/villus ratio was also increased; this is the first report of such an observation after surgical interference with the gut. It was not observed 10 days after a similar operation (Clarke, 1974) , when an increase in crypt cell production rate was already clearly evident. Presumably, these are both adaptations which increase the rate of production of cells per villus, the more rapid response being an increase in cell production per unit (crypt), followed by a slower increase in the number of units themselves. The increase in crypt number is probably real; it has been shown to occur in ageing (Clarke, 1972) , and the alternative explanation, that villi decrease in number, is not supported by the observations of Forrester (1972) .
Segment B did not behave in the same way, since, although there was a considerable increase in cell production and crypt depth, the villus hypertrophy characteristic of gut which has been advanced to a more proximal location was absent. This absence could be ascribed to lack of biliary or pancreatic secretions, or (if the upper part of the segment was perhaps presented with molecules too large for the mucosal enzymes to digest) to reduced 'luminal nutrition' of 'functional demand', but this is unlikely in view of the increased cell production. A more likely explanation is that the low pH of the gastric effluent damaged the intestinal mucosa in the same way as near a gastroenterostomy (Creamer, 1964) , and this might also explain the absence of villus hypertrophy, since the tendency in cases of epithelial damage is towards villus atrophy (Townley et al., 1964; Philipson, 1975) . Villus epithelial damage at the upper end of segment B could also explain the counts of vincristine-metaphases seen at this site, which are strikingly higher than those elsewhere in segments B and C.
Some of the changes could be due to alterations in output of gastrointestinal polypeptide hormones, but our present inadequate knowledge of the physiological role of these hormones does not allow useful discussion of this point; in any case, these hormones are more likely to cause systemic effects rather than the local changes described here.
The original aim of the experiment was to attempt to separate bile and pancreatic secretions, and food, as influences on mucosal morphology and epithelial replacement. The defect of the model is the possibility that gastric acid damaged the intestinal mucosa, and thus the observations in segment B cannot necessarily be ascribed to food alone. The relationship of these morphological and cell kinetic changes to luminal enzyme activity and bile salt concentrations, activity of so-called brush border enzymes, and intestinal absorption, will be described elsewhere.
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